Background: Hypertensive disorders of pregnancy are more frequent in primiparous women, but may be more severe in multiparas. We examined trends in stillbirth and neonatal mortality related to pregnancy-induced hypertension (PIH), and explored whether mortality varied by parity and maternal race. Methods: We carried out a population-based study of 57 million singleton live births and stillbirths (24 -46 weeks' gestation) in the United States between 1990 and 2004. We estimated rates and adjusted odds ratios (ORs) of stillbirth and neonatal death in relation to PIH, comparing births in 1990PIH, comparing births in -1991PIH, comparing births in with 2003PIH, comparing births in -2004. Results: PIH increased from 3. 0% in 1990 -1991 to 3.8% in 2003-2004. In both periods, PIH was associated with a higher risk of stillbirth and neonatal death. We explored this in more detail in [2003][2004], and observed that the increased risk of PIH-related stillbirth was higher in women having their second or higher-order births (OR ϭ 2.2 ͓95% confidence interval ϭ 2.1-2.4͔) compared with women having their first birth (1.5 ͓1.4 -1.6͔). Patterns were similar for neonatal death (1.3 ͓1.2-1.4͔ in first and 1.6 ͓1.5-1.8͔ in second or higher-order births). Among multiparas, the association between PIH and stillbirth was stronger in black women (2.9 ͓2.7-3.2͔) than white women (2.0 ͓1.8 -2.1͔). Conclusions: A substantial burden of stillbirth and neonatal mortality is associated with PIH, especially among multiparous women, which may be due to more severe PIH, or to a higher burden of underlying disease.
Nonetheless, the occurrence of PIH in one pregnancy is a strong predictor of recurrence in the next pregnancy, 6 -9 and recurrent hypertensive disorders is associated with substantially higher risks of adverse perinatal outcomes. 10 A study of first births in Norway between 1967 and 2003 showed that the risk of stillbirth in relation to preeclampsia declined substantially between the periods 1967-1978 (odds ratio, 4.4) and 1991-2003 (odds ratio, 1.4). 11 The rate of births at Ͻ32 weeks among preeclamptic mothers tripled during the study period (from 1.6% in 1967-1978 to 5.0% in [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] , but the decline in stillbirth was not paralleled by a substantial increase in postnatal death. 11 Whether similar patterns are evident among multiparous women remains unexplored.
Rates of both preeclampsia and gestational hypertension have increased in the United States, 12 which underscores the importance of evaluating the burden of perinatal mortality associated with these conditions. Among women who had been diagnosed with preeclampsia in a previous pregnancy, the risk of preterm birth and small-for-gestational-age babies was increased among women who had severe gestational hypertension without proteinuria in the next pregnancy, compared with women who developed recurrent mild preeclampsia. 13 Hauth et al 14 reported higher rates of infant and maternal morbidities in healthy nulliparas who developed severe hypertension or preeclampsia. These studies were, however, relatively small, and mortality could not be properly assessed.
Because limited attention has been devoted to pregnancy outcomes in multiparous women with hypertensive disorders of pregnancy, we investigated fetal and neonatal mortality in first and higher-order singleton births in the United States. We compared births in 1990 -1991 to those in 2003-2004, among black and white women. These data do not allow a distinction between preeclampsia and hypertension without proteinuria, and we therefore used pregnancyinduced hypertension, comprising hypertension with and without proteinuria, as the outcome of interest.
METHODS

Data Source and Composition of the Analytic Sample
We used the United States linked natality and infant mortality data for the period 1990 -2004. 15 These data are based on birth and infant death certificates, and include data on maternal characteristics, medical and obstetric complications, and fetal and infant outcomes. Infant deaths were not linked to the corresponding live births in the 1992-1994 period. To provide the most recent estimates, we focused our analysis on the period 2003-2004, using 1990 -1991 as comparison.
Pregnancy-Induced Hypertension and Perinatal Mortality
The birth certificate data include check-box diagnoses of hypertension with or without proteinuria (ie, PIH), as well as diagnoses of chronic hypertension and eclampsia; a separate diagnosis of preeclampsia was unavailable. We combined the 0.2% of women with a diagnosis of eclampsia with the PIH group. In 1996, the American College of Obstetricians and Gynecologists modified the preeclampsia diagnosis classification to require that all cases meet criteria for hypertension in the presence of proteinuria after the 20th week of gestation. 16 PIH is rare in early pregnancy. We considered stillbirths as all registered fetal deaths with a gestational age of 24 weeks or higher. Neonatal deaths were defined as live births (from week 24 of gestation and onward) registered as having died within the first 28 days of life. Gestational age was based on the date of last menstrual period. If only the day of the menstrual period was missing, gestational age was statistically imputed by the National Center for Health Statistics prior to releasing the data.
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Data Exclusions
We restricted this analysis to singleton births. We excluded 1.1% (n ϭ 651,522) pregnancies with missing gestational age (ie, missing month or year of menstrual date.) We also excluded 1.3% (n ϭ 773,935) of births with a gestational age Ͻ24 weeks or Ն47 weeks (n ϭ 104,724, 0.2%), and an additional 1.8% (n ϭ 972,718) of births with missing PIH status. After all exclusions, 56,987,638 singleton live births and 221,321 stillbirths remained.
Statistical Analysis
We used logistic regression models to estimate odds ratios (ORs) of stillbirth and neonatal death in relation to PIH, adjusted for geographic region, maternal age, education, race, and marital status, chronic hypertension and diabetes (categorized as shown in Table 1 ). To evaluate the impact of PIH on stillbirth and neonatal deaths in recent years, we restricted the majority of the analyses to the 2003-2004 period. We performed all analyses separately for first and higher-order births. In most analyses, we further categorized the latter group as second, third, or fourth of higher-order births. Maternal smoking is associated with a lower risk of preeclampsia 18 -20 and higher risk of perinatal mortality. 21 Smoking is not reported in the California birth certificates; we therefore performed a subanalysis excluding California for the 2003-2004 period, to assess whether further adjustment for smoking altered the associations between PIH and mortality.
RESULTS
Women with PIH were more frequently younger (Ͻ20 years) or older (Ն35 years) than women without PIH ( Table 1) . Rates of smoking were lower among women diagnosed with PIH, and a slightly higher proportion of black women than white women were diagnosed with PIH. PIH was reported in 5.3% of primiparous women and 2.8% of multiparous women.
Differences in rates of stillbirth and neonatal mortality between women with and without PIH were greater in 1990 -1991 than in 2003-2004. This was true for both first and higher-order births (Table 2 ). There was a higher rate of obstetrical interventions at preterm gestations in women diagnosed with PIH than in women without such diagnosis.
PIH was associated with a higher risk of stillbirth, especially among second and higher-order births, both in the 1990 -1991 and 2003-2004 periods (Table 3 ). When birth order was more finely stratified, the risk of stillbirth in relation to PIH was fairly similar among women with their second, third, fourth, or higher-order births. The risk of neonatal death following PIH was also elevated, although the difference between first and higher-order births was less marked (Table 3) .
Black women had consistently higher mortality rates, and multiparous black women had a higher OR of stillbirth following PIH compared with multiparous white women (Table 4 ). In 2003-2004, the rates of preterm obstetrical interventions among primiparous white and black women without PIH were 3.6% and 5.4%, respectively, and 4.3% and 
DISCUSSION
In these US data, pregnancy-induced hypertension was associated with higher risks of stillbirth and neonatal mortality, especially in second and higher-order births. In contrast, the rates of stillbirth and neonatal death in normotensive pregnancies were similar between first and higher-order births although, as expected, the risk was lowest in second births and highest in fourth or higher-order births. Although absolute mortality rates have declined since 1990 -1991, PIH has increased; odds ratios for mortality in relation to PIH changed little. Black women had higher absolute rates of stillbirth and neonatal death compared with white women, but similar odds ratios of PIH-related neonatal death. Among multiparas, black women had a higher odds ratio for PIHassociated stillbirth than white women.
The substantial difference in PIH-associated mortality between first and later births may be due to more severe disease in multiparas, or to underlying maternal characteristics, including chronic diseases and, importantly, obesity. [22] [23] [24] [25] For example, Catov et al 26 reported that preexisting hypertension, multiple pregnancy, obesity, and having had preeclampsia in the previous pregnancy accounted for over 50% of preeclampsia among multiparas.
It has been estimated that about 25% of preeclampsia cases in multiparous women occur in those with prior preeclampsia, 27, 28 and this proportion may be as high as 38% among women who experienced severe preeclampsia in a previous pregnancy. 26 Overweight and obesity contribute significantly to preeclampsia, 26,29 -32 and prepregnancy body mass index (BMI) is associated with increased blood pressure throughout pregnancy. 33 High BMI is also a risk factor for perinatal death, 31, 34, 35 and women with the highest risk of stillbirth may thus not be those with a previous diagnosis of PIH but, instead, women with other risk factors, or with chronic diseases that were not evident in the first pregnancy. In addition, the increasing prevalence of PIH may also be associated with the rising trends in obesity.
Type 2 diabetes, a risk factor for hypertensive disorders in pregnancy 36, 37 and also for stillbirth, 38 may have also contributed to our results. Findings from a randomized trial showed that untreated gestational diabetes was associated with increased preeclampsia risk, but there was little association with perinatal death. 39 Obesity, diabetes, and subclinical maternal disease may be more common among multiparous women and could thus result in a different etiology and severity of preeclampsia in multiparas compared with primiparas. 40 In this analysis, despite adjustments for preexisting hypertension and diabetes, the increased risk of stillbirth among multiparas with PIH persisted. It is possible that these conditions are not well registered in US birth certificates, rendering adjustment ineffectual. In an analysis restricted to women with PIH, we also examined whether the increased mortality among multiparas could be explained by gestational age and birth weight; adjustment for these factors did not explain the findings (not shown).
Strengths and Limitations of the Data
This analysis includes virtually all singleton births in the United States, and we were able to adjust for a number of covariates. Although we used smoking only in a subanalysis (due to a sizeable amount of missing data), there is a reassuring consistency in associations between the full analysis and those restricted to states that reported smoking data. When we included an indicator for missing smoking data in the full analysis, the results was again essentially unchanged (not shown).
The main limitation of this study is that the diagnosis of PIH did not permit a distinction between preeclampsia and gestational hypertension. The overall rates of PIH in our analysis were lower than those reported in a recent study, 12 suggesting the possibility of some under-reporting of PIH. A diagnosis of PIH is more likely to be accurate for babies who died than for babies who survived, and this may have biased the estimates away from the null. However, this mechanism is unlikely to explain the differences we observed between primiparas and multiparas. Furthermore, among primiparas, the estimated ORs were lower than those seen in Norway. 11 This may be because, while the Norwegian study was based on preeclampsia, ours included women diagnosed with either preeclampsia or nonproteinuric hypertension. Thus, some attenuation of the association between PIH and mortality is likely in our study, given that PIH is likely a less severe disease than preeclampsia. If misclassification of PIH were nondifferential, even a moderately low specificity would bias estimates toward the null, while low sensitivity would have little effect for a rare disease such as PIH. If severity of PIH influences the likelihood that a complication is recorded, the diagnosis we used may more closely reflect preeclampsia than gestational hypertension.
Errors in menstrual estimate of gestational age could have affected our comparisons to some extent. 41, 42 However, we used gestational age only for descriptive purposes, except when trying to assess whether gestational age mediated the risk among strata of parity. The main analyses were not adjusted for gestational age, as it is an intermediate variable in the association between PIH and mortality. 11 Deaths are generally reported accurately, although a small proportion remained unlinked in these data (Ͻ2%), and the distinction between stillbirth and (early) neonatal death may not always be clear. However, these mechanisms are unlikely to have a substantial impact on our estimates. Residual confounding due to unmeasured factors may also have influenced our estimates to some extent.
Our findings suggest that women with second and higherorder births following PIH have a higher risk of stillbirth than first-order births following PIH, particularly among black women. The elevated risk of mortality in multiparous women may be due to more severe disease or to the underlying characteristics of multiparas. Attempts should be made to explore this in studies where these predictors are available.
